stimulate the national economy by creating an additional demand for intermediate or primary goods, as well as for labor. It can also complement national savings, thus contributing to the accumulation of capital. In addition, FDI has the potential to supply knowledge and technology capable of generating externalities that lead to higher productivity and increase national output (Haddad and Harrison, 1993; Aitken et al., 1996) , for example by bringing technologies that increase the marginal productivity of existing ones (Romer, 1986) , or training and developing new capabilities in the workers (Borensztein et al., 1995) .
Successive studies going as far back as Hirschman (1958) have also suggested that the links between multinationals and companies in the same region located upstream 2 in the value chain ('backward linkages') are as important for the development of the region as foreign investment itself (e.g., Morris, 1992; Dunning, 1993; Turok, 1993; Crone and Roper, 1999) . The idea is that country productivity growth materializes not through FDI per se, but by its potential role in inducing the creation of local sectors or clusters with higher technological levels than those in the nation (Rodrik, 1996; Rodríguez-Clare, 1996; Markusen and Venables, 1999) . The critical issue is that the emergence of such sectors depends on the existence of a relatively dense set of local suppliers to the foreign investor, in quantity and diversity, and with international competitiveness.
The importance of foreign direct investment for industrial development has been recognized by governments for several decades. Thus, there has been an array of policies to try to attract FDI and condition its activity, with the purpose of maximizing the impact of investment in the region (Kokko, 1994; Braunerhjelm and Svensson, 1996; Görg and Ruane, 2000; Mazolla and Bruni, 2000; Blomström and Kokko, 2003a) . Traditionally, government policies would focus on restrictive measures (Dunning, 1993; Globerman and Shapiro, 1999) . For instance, they would require investors to buy certain amounts from local firms or export particular quantities. However, the perspective and policies toward FDI have recently begun to change. Most countries have been lowering the conditions for investment, freely opening new sectors for entry by foreigners, and creating important incentives for investment (Blomström and Kokko, 2003b) . Nowadays, policies directed at FDI are meant to address issues such as market failures, notably by focusing on promoting linkages to national companies, and on fostering education, training and R&D. 3 Given these concerns, it is not surprising to find a body of literature addressing the estimation of impacts of these projects in a host economy. One of the most popular methods is the use of Leontief input-output models (I-O Models). This method allows to quantify the total impacts (direct and indirect) on the production, value added and employment at the macro-economic and sectoral level. It is a quite powerful approach for several reasons. First, it aggregates impacts up to common monetary units of an economy, enabling easy comparisons across projects and areas of policy; second, it enables an account of both direct and indirect effects of a particular investment; third, because of its wide diffusion, reliable and extensive data is often available simplifying the work of the policy analyst. Finally, there is considerable experience with the method, allowing an easy understanding of the results of an analysis by decision makers and even by the broader public.
Because of its own structure, the use of this method of analysis is also related to the establishment of backward and forward linkages by inward investors. In fact, some of the most popular and useful areas where one can find examples for the application of these models is precisely the study of the relevance and impact of backward linkages in the local economy. For example, the works of Forsyth (1972 ), Lever (1974 , and Stewart (1976) studied backward linkages between investors and the local supply networks in the United Kingdom and Ireland. Turok (1993) and McCann (1997) discuss the level of integration of the Electronics industry in Scotland, looking at the backward linkages and the type of I-O multipliers to be considered. Brand et al. (2000) studied the direct and indirect contributions of foreign industrial enterprises in the regional economies of Wales, Scotland, and the West Midlands again analyzing backward linkages.
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Despite the significant experience with I-O models, most work addresses ex-post evaluations of particular FDI projects. In these assessments, the objective is to look at an investment that has already taken place and evaluate the significance of its impact. However, there is also the need and opportunity to study ex-ante or at least 'what-if' scenarios, i.e. how different configurations of an FDI project might impact the local economy, helping to guide the creation of investment policies. This work aims at addressing these shortcomings.
Research Question, Approach and Application Context
As noted above, results suggest that MNEs can be credited with positive contributions to economic development if they are able to build a robust level of backward linkages. To address these concerns, this chapter presents a model that allows an analysis of the impact of FDI for different scenarios of backward linkages to the host economy. The critical research question that is meant to be answered is:
How to account for different levels and scenarios of backward linkages created by the investor (henceforth designated as an OEM -Original Equipment Manufacturer) to the local industrial fabric and what is the value generated by each context to the host economy?
To address this question, this chapter presents a tool that can be used to study what-if scenarios in FDI projects, looking particularly at the role of backward linkages. The baseline approach is the use of the established I-O models. Still, while existing models allow straightforward computation of how increases in the amount of 5 investment or domestic purchases might impact overall value creation, established assessment methods overlook the fact that local purchases are far from homogenous and have the potential for very different impacts in the domestic economy. This chapter contributes to the literature by looking at the black box of backward linkages in the context of a new investment. It extends traditional I-O value estimations by coupling it with a detailed account of the structure of existing and potential domestic purchases and an engineering-based cost estimation method, called System Cost Modeling (Veloso, 2001 ). This method, 1 which will be referred to as 'combined model', allows a quantification of results associated with FDI and an evaluation of public policies related to incentives, and restrictive policies. As a result, it enables a more profound understanding of how domestic value creation by foreign MNEs increases the potential for creating wealth in the region. This combined approach is then tested in the context of a case-study. The case chosen to illustrate the method is the Autoeuropa plant located in Portugal. As described below, this was a major FDI project that has all the desirable characteristics to test the proposed method.
Research methods

Leontief Model
The Leontief model, also called I-O, is an 'open static model' that explores the purpose of economic activity, i.e. the satisfaction of final demand (Rasmussen, 1963; O'Connor and Henry, 1974; Miller and Blair, 1985; Leontief, 1986) . As Leontief (1986, p. 19) notes, 'Economic I-O analysis is a method to systematically quantify the interrelationship among various sectors of an economic system. The economic 6 system may be large as a nation or even the entire world, or as small as the economy of a metropolitan area'. The importance of the Leontief model lies in its flexibility and capacity to take into account the complex network of simultaneous interdependencies that characterize economic activity at many levels (Rasmussen, 1963; O'Connor and Henry, 1974; Miller and Blair, 1985) . This set of relations can be an important source of information for supporting eventual development policies for the economy, in particular for FDI (Rasmussen, 1963; Miller and Blair, 1985; Lopes and Amaral, 2002) . For example, it's possible to use the I-O analysis to guide the establishment of incentives to improve the local offer in certain sectors, allowing a decrease of the dependency on foreign supplies.
I-O matrices can be seen as a double entry accounting system that represents the factory of economy in each year (Leontief, 1986 (O'Connor and Henry, 1974; Leontief, 1986; Hewings, 2003) . Technical coefficients quantify the first order or direct effect 7 that the increase of one monetary unit of final demand for a certain sector generates on the economy's output (O'Connor and Henry, 1974; Costa, 2005) . The interdependency coefficients reflect the total economic effect (direct and indirect) generated by the increase of a monetary unit of final demand for a certain sector, while keeping everything else constant (Rasmussen, 1963; O'Connor and Henry, 1974; Miller and Blair, 1985; Lopes and Amaral, 2002; Costa, 2005) . The interdependency coefficients are obtained using matrix algebra (Leontief, 1986 ).
The analysis of the impact of exogenous changes (final demand) on the economic activity of the sectors in each year, i.e. on the short term, relies on indicators which are called simple 2 I-O multipliers (O'Connor and Henry, 1974; Miller and Blair, 1985) . The calculation of the multiplier relies on the relation between initial effects of an exogenous change (final demand) and the total effects of that change, resulting in an adimensional value. The initial output effect in the economy is defined as the initial amount of a given monetary unit of output of sector j required to meet the increase of one monetary unit of final demand for that same sector. This initial effect is also called the direct effect, while indirect effects, the first to n order effects, are the supply chain effects (Costa, 2005) . Typically, multipliers establish these relations ignoring concerns with production capacities for each sector, as well as other macroeconomic variables.
To evaluate the economic impacts the most important multipliers include (Costa, 2005) :
Production Multipliers -quantify the increase in production of the economy to meet one more unit of final demand for production in a certain sector, ceteris paribus. The 8 value of the multipliers for each sector reveals its level of dependence relative to, on the one hand the locally available products, and, on the other hand, the corresponding production structures. When local activity is not capable of supplying the necessary intermediate inputs, there is a need to import inputs (Lopes and Amaral, 2002) .
Gross Value Added (GVA) Multipliers -translate the total impact that an increase of a unit of final demand (initial effect is equivalent to the stimulus created by the final demand) has on the GVA of the economy. These multipliers allow a quantification of the efficiency effect for each sector of the economy (Lopes and Amaral, 2002) .
Despite its attractiveness, the Leontief's I-O model also has important limitations in a number of aspects (Rasmussen, 1963) , in particular if one would like to use it in an ex-ante evaluation. In fact when used as a projection tool, the I-O analysis 'doesn't provide a suitable projection prognostic, as it can only be thought to produce a conditional prognostic' (Rasmussen, 1963, p.36) . The main driver of this limitation is the fact that the model is static, with constant technical coefficients. Thus, it assumes that the amount that each industry acquires from other industries, and the value added amount, per unit of its own output or production, stays constant as demand increases or diminishes (Costa, 2005) . To reduce these limitations, this research proposes coupling the traditional Leontief's model with a costing method for complex products, called System Cost Modeling (Veloso, 2001) . The resulting combined model allows an adjustment of the technical coefficients of the I-O analysis to reflect structural changes in the industry as to mirror different scenarios of national incorporation of intermediate sectors.
SCM -System Cost Modeling and SC-IO Analysis
The System Cost Model (SCM) method, developed by Veloso (2001) , allows an evaluation of the cost for complex systems composed by a high number of individual components and subsystems, such as a motor vehicle, by building bottom-up cost structures. This method is in the general category of Process Based Cost Modeling, which uses engineering principles and relies on detailed information about the transformation processes and the nature of the products themselves to estimate production cost (Boothroyd et al., 1994; Humphreys and Wellman, 1996; Clark et al., 1997; Kirchain and Clark, 2001 ). However, because traditional Process Based
Cost Models are very thorough in the process and product information used, they have important limitations when applied to systems with a high number of individual components, like in the case of a motor vehicle. Thus, to allow the analysis of a large number of components and processes, SCM uses engineering information associated with the manufacture and assembly of each component, but the inputs are very simplified. As a result, the SCM loses some rigor when calculating the cost of the individual component, when compared with the Process Based Cost Model (Veloso, 2001 ).
[ Figure 13 .1 about here]
The cost estimation method for individual components and the approach to group these into subsystems relies on two essential aspects: i) the cost factors of the manufacturing processes, and ii) the processing time associated with the particular technology and the component (Veloso, 2001) . The necessary information for 10 applying the model and the calculation logic are presented in Figure 13 .1. The metrics considered for each component in the cost calculation are: the weight, the material, the level of complexity, and the manufacturing process. These variables are inputs in a set of functional relations that combined with the exogenous variables associated with the place of production of the components (e.g. salaries) allow an estimation of the fixed and variable costs for each component.
The main aspect of this estimation process is a set of parametric functions that relates the four characteristics described above with each of the cost variables. These relations are established using engineering principles and information on the cost of the systems associated with each production process. coefficients are calculated. Based on these the global impact on production, the GVA, the imports, the employment, and wages can be known, keeping everything else constant (Rasmussen, 1963; O'Connor and Henry, 1974; Miller and Blair, 1985; Lopes and Amaral, 2002) . Moreover, existing studies suggest that this investment has played a critical role in the domestic economy, not only because of its magnitude, but also because it facilitated the introduction of advanced manufacturing technologies and modern organizational methods across the national supply chain (Guterres, 1996; Lima et al., 1996; Neves, 1996; Santos, 1996; Maia, 1999; Selada et al., 1999; Vale, 1999; Valente, 1999; Correia, 2000; Simões, 2000; Lobo and Melo, 2002 configurations. This is precisely the objective of this chapter.
Application of the Model and Results Analysis
The Portuguese Auto Industry as an Application
Backward Linkages of the Auto Sector and AE
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The data obtained from the National I-O matrices 3 for the automotive production function allows one to verify that the total production multiplier for the sector is relatively stable (left hand side of Figure 13 .3). But, while the rest of the auto sector has suffered a progressive decline in its relations with the local supply chain, AE has slowly generated stronger bonds with the local supply network. The right hand side of the Figure shows that the total impact value, obtained by combining the production multiplier with the corresponding final demand, is growing and that it is the AE operation that drives the trend.
[ Figure 13 .3 about here]
In addition to production, it is perhaps as relevant to analyze the direct and indirect components of the GVA multiplier over time. This means that the internal industrial activity of AE has much more value generation than other units. However, the indirect impact on GVA generated by the supply chain practically does not change during the same period. Moreover, while this value is clearly higher than that of the remaining assembly lines in 1999, this only happens because these other units have lowered their preference for incorporating local value. In fact, the indirect impact of the rest of the sector in 1996 was above that of AE in 1996, and the same applies to 1999. This suggests that there is not a significant difference in the level of complexity of the products manufactured internally by suppliers of AE and those of other assembly units in the country.
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[ The combination of the GVA multiplier of AE with its trade volume generates an impact for AE of 1.5 per cent 4 of the total economy's GVA in 1999. Compared to the total GVA generated by the national auto sector in that year, this means that three quarters of the income were directly or indirectly created by AE. Of the GVA impact generated by AE, 36 per cent 5 was indirect, produced by its suppliers.
Based on this analysis, we conclude that the AE investment created significant value to the Portuguese economy, not only in the auto sector, but also in almost all the sectors supplying that industry. In addition, AE worked as an important lever in the level of GVA incorporation for each monetary unit of vehicle manufactured in the country. 6 Nevertheless, this lever was largely determined by a greater value added in AE itself. Its indirect effect in the rest of the economy is equivalent to the other assembly lines in terms of quality or intrinsic value. These results suggest that the arrival of the Ford-VW Group provided an important scale factor in the assembly lines sector and in the purchases from its local supply chain, but it did not imply a substantial difference in value and diversity of first line supply offer in the national industrial fabric.
Application of the Combined Model and Results Analysis
Combined Model Applied to AE's Minivan
While the calculations of the previous section were performed using standard ex-post (Costa, 2005) .
[ Table 13 .2 about here]
For the integrated evaluation, individual components and subgroups for AE's minivan were identified. These are the relevant level for the cost estimates using the SCM method. In the AE's minivan, the breakdown of individual components results in 4832. Subgroups are then generated according to sets of components that reflect typical sourcing decisions by the manufacturers, as noted in Table 13 .2. It is then possible to further aggregate the subgroups for exposition purposes. Ensuing typical decisions of OEMs, seven groups identified in Table 13 .2 were considered. The Table also presents information on the correspondence between groups, subgroups and components.
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For each component there is detailed information regarding each of the four critical input dimensions for the SCM, i.e. process, material, complexity, and weight. There is also access to the variables of production and logistics of AE in 1999 (production volume, product and equipment life-cycle, interest rates, salaries, use of the assembly line). The cost of domestic supplies incorporates local manufacturing conditions. The remaining imported components are calculated in the same way, using SCM, but the manufacturing and logistics variables considered in the model are those typically found in foreign suppliers for the benchmark region (i.e. with exogenous factors, production efficiencies, etc. different from the Portuguese).
[ Figure 13 .4 about here]
Based on the 1999 benchmark scenario, and according to the cost values estimated for the acquisition of imported and national products, the incorporation of national supplies verified in AE was approximately 43.3 per cent of total purchases 7 from first line suppliers. As can be seen from the estimates of Figure 13 .4, the incorporation of national products in the AE assembly line was particularly strong in the areas of Chassis, Interiors, and Electric and Electronic groups.
Optimistic and Pessimistic Scenarios for the SCM/I-O Model
The next step is to apply the results of the cost estimate to the I-O method. For this, sector classifications must be given to the data resulting from the SCM so that, in each scenario, the 'market basket' of products manufactured in the host country can have a sector correspondence. For the 1999 baseline scenario, the sector correspondence for the intermediate inputs purchased by AE was established using 19 SIC codes 8 of the supplying companies. The corresponding linear production functions for AE are then quantified, using as dependent variables the fifteen sectors of the national I-O matrix, with the auto sector broken down (Costa, 2005) .
9
But replicating the IO analysis using a micro-structure of costs calculated with SCM is an exercise that per se adds limited value. The SCM/I-O integrated model is particularly useful because it allows the study of the impact of backward linkage scenarios different from those observed, or the analysis of various options ex-ante, before a particular investment actually takes place. In the present context, two scenarios of domestic purchases are considered: an optimistic and a pessimistic scenario. The method for generating the scenarios was as follows. First, information about the supply structure in 1999 and studies on firm capabilities done in the context of a large automotive project to characterize the national industry were gathered. Second, the potential cost advantages and disadvantages of manufacturing each subgroup in Portugal in comparison with the alternative of imports from suppliers in the Germany-France axis were estimated using with SCM. This information was then used to generate a first approach to both scenarios. On a third stage, the initial version of both scenarios was discussed with specialists directly involved with AE to determine necessary adjustments based on their own perception. The changes they proposed were then integrated into the base scenarios, which resulted in the final scenarios.
[ Table 13 .3 about here]
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The resulting contribution for each group is noted in Table 13 .3, where a comparison to the reference year of 1999 is also provided. Under these circumstances, the percentage of national incorporation in AE's purchases for the pessimistic scenario is 17 per cent, and for the optimistic scenario is 77 per cent. The two scenarios were then considered for evaluation using I-O analysis. For each one, the column of the technical coefficients referring to AE is replaced, creating different I-O matrices for each scenario. Using these matrices, it is possible to estimate the impacts of each scenario on the GVA to the national economy in 1999 (assuming that the technical structure of the remaining sectors suffers no change). Figure 13 .5, presents the differentials of total impact in the production for each national economic sector. As one might expect, the auto components sector is the one absorbing the majority of the positive impact associated to the optimistic scenario.
Nevertheless, other sectors, including metals and non-metals are also subject to important changes as a result of the two scenarios considered. Globally, the impact of [ Figure 13 .6 about here]
Conclusions
This chapter The AE investment created significant value to the Portuguese economy. Not only it brought an operation that had much higher level of internal value creation than any existing assembly line in Portugal at the time, but it also grew to represent now 75 per cent of the income generated in the auto sector, while creating an important demand for almost all other sectors that supply this industry. Nonetheless, despite its magnitude, the economic lever of the investment was largely determined by greater value added in the unit itself. Its indirect effect in the rest of the economy is 22 equivalent to the other assembly lines in terms of quality or intrinsic value. These results suggest that the arrival of the Ford-VW Group provided an important scale factor in the assembly lines sector and in the purchases from its local supply chain, but it did not imply a substantial difference in value and diversity of first line supply offer in the national industrial fabric.
The results of this work reach beyond stating the importance of this particular FDI case. This chapter presents a SCM/I-O combined method that can be used to forecast and evaluate results of alternative scenarios of domestic content incorporation, quantifying the implications that different levels of local content can have for the value added of the whole economy. In fact, as the application to the AE investment shows, variations in the level of incorporation of domestic supplies mean dramatic differences in the value generated by a given investment project. The magnitude of these differences endorses the view that the levels of local content are a key driver of wealth creation in the context of an FDI project. Moreover, as Rodríguez-Clare (1996) suggests, certain density levels in the set of backward linkages might be needed to propel the industry to new levels of value creation. Even in the case of the AE project, where a reasonable level of domestic content was achieved, it was shown that the indirect value added multiplier, a key indicator of the level of sophistication or intrinsic value of the local supply activity, did not grow significantly.
Achieving certain targets in the levels of domestic supplies for an FDI project is difficult. Not only the investor typically prefers freedom in this dimension, but there is also a scarcity of instruments that allow the policy analyst and the firm to have an Generically, from a public policy viewpoint, comparing output or GVA multipliers and how they might be affected by different supply chain scenarios, can show in which sectors any potential expense can generate greater impacts in terms of total output value of the economy. If the government's purpose is to maximize the output effects, the rational decision will be to invest in the development of a sector with the highest multiplier.
Endnotes
1 The approach is presented for the context of FDI. Nevertheless, the method is rather general and can be also used to study the economic impact of various backward linkage scenarios for national investments. Source: Costa (2005) 
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